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=«.™SECURiTY  INFORMATION 


A long-tera  project  ’-««  bean  pi to  study 
1e  detail  the  spatial!  diatribution  of  ffagisats  free 
* wwrhsad  or  casing  of  glren.  spec  lfi  oat  ion*.  The 

initial  series  have  been  completed,  and  ere  discussed 
below.  A forsula  i*  suggasted  as  a first 
appro Ti nation  for  estimating  the  angle  of  projection 
of  a fragment  fro s its  origin  in  the  cane  rail  ad 
tha  limitations  of  iha  forsaJL*  will  fora  the  basd a 
for  further  exporiaant.  The  results  of  these 
bwII -aoale  trials  sre  ocapared  with  the  reported 
data  fren  recent  G-.W.  trials. 


ISTglSSSTOar  TlSflar 

For  at#  years  a simple  fsrsala  for  astisjatiag  the  direction  of  throw 
of  frsgsents,  derirad  from  a theoretical  treatment  by  Taylor  (fief.l),  haa 
been  uaed  with  teas  confidence,  Taylor  oonaidcra  the  detonation  of  an 
exploaira  in  an  infinitely  long  hoary  cylindrical  case.  He  asawas  a plane 
detonation  ware  without  reflected  waroa  (arising  froa  expansion  of  the  gases) , 
that  ia,  only  the  detonation  ware  and  alsple  gaj  preasnre  affect  the  tube. 

The  aotion  ia  discuswd  with  reference  to  an  obserrer  a»ving  with  velocity 
of  the  shock  ware;  the  casing  approaches  tha  obgorrer  with  a Telocity  u 
parallel  to  the  axle  and  learea  hi*  with  a ralocity  TJ  in  a direction  (r T~&) 
degrees.  Direction  la  measured  relatira  to  tha  aria,  the  forward  looking 
axial,  direction  being  0 degree*,  Tha  angle  3 ia  therefore  the  angle  of 
coning  (unrestrained  by  end  effeota)  of  the  due  to  the  expansion 

which  foilnwa  tha  detonation  front,  }fcnr  bringing  the  observer  to  rest  the 
resultant,  velocity  ia  2U  ainS  in  a direction  FT  - 8 , this  being  tha  Telocity 

2 2 2 

of  the  fragaest  on  projection  in  the  direction  given  by 


aind  • 7 

7 2U 


Applied  to  the  ateadard  shell  deaign  with  note  or  base  initiation,  the 
fonula  giraa  a reasonably  good  a art  Irate  of  tbs  average  angle  of  throw,  sni 
when  oonbinod  with  a diepersicn  factor  of  say,  ♦ 4 degrees,  produces  an 
acoeptabla  fit  to  the  experiscital  data  from  static  fragmentation,  trials. 

'In  sene  instances,  for  example  the  thin-walled  3-in,  U.F.  shell,  the 
of  the  casing  peraits  close  approximation  to  the  premises  required  for 
Taylor1  a theory  and  the  fit  is  then  very  good  indeed,  For  other  shall*,  an 
espirioal  modification  of  the  formula,  suggested  by  A,  D.E. , is  fbtad  to  be 
more  suitable  (Sef.2):- 


6 a 0,53  sin  _7_ 
2 2c 


The  problem  cannot  be  completely  ansvered  in  tuna  of  staple  theory 
based  on  steady  oonditions  of  flow;  in  practise  a casing  haa  finite  length 
and  the  type  of  ead  constraint  is  of  naj®*  importance,  Tha  tube  aiay  be 
open-ended,  or  it  a, ay  be  dosed  by  acroTsd-in  plugs  or  by  solid  ends  integral 
with  the  tube;  in  each  case  the  and  effect  results  in  oonr> lenity  of  the 
detonation  ware  system  and  interferes  with  the  'coning*  visuslised  in  Taylor's 
infinite  tube.  Some  interesting  evidence  was  obtained  from  early 
experiments  with  tha  1 ‘baodel  boob0  oaoing  dereloped  at  Buxton;  this 
o using  had  a fragaenting  length  of  3*6  in,,  internal  disaster  1-1  /k-  in,  and 
screwed-in  i=-nd  plugs.  Photographs  showed  that,  on  detonation  (fres  one  end), 
the  casing  bacons  balloca-»hjj>sd  prior  to  rupture;  the  central  part  wan  oone*i 
slightly,  as  suggested  by  theory,  but  at  each  and  the  tube  was  constrained 
to  its  orr: ginal  diameter.  This  bulging  suggests  that  aces  of  the  casing 
at  the  initiator  end  will  be  projected  slightly  backwards  with  respect  to 
the  axial  direction,  and  this  is  born*  out  by  later  experiaants.  With 
thicker  ailed  casings,  collate  detonation  nay  taka  plane  before  the  casing 
begins  to  rupture.  In  Pig.  t three  diagreas  which  illustrate  the  ballooning 
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of  a oaaiag  during  detonation  are  shown-  la  sbowi  the  original  casing,  and 
is  ib  and  1o  the  detonation  nw  has  sowed  to  tha  political  as  indicated 
along  the  length  of  the  casing. 

With  the  introduction  of  an  designs,  as  in  guided  weapons,  it  became 
obvious  that  account  Bust  be  taken  of  the  position  of  the  point  of  initiation, 
tha  spread  of  the  detonation  ware,  and  the  end-effect*  Then  the  detonation 
wavs  strides  a uniformly  thick  -all  of  a casing  csrgslly  the  fragment  will 
be  projected  noroellyj  it  would  appear  therefore  that  angles  of  projection 
of  0 and  sin*"1  V degrees  are  the  limiting  oases  oorrsstcnding  with  radial 

7S 

and  longitudinal  detonation  wawsi,  and  that  the  inclusion  of  a alaple 
trigoacaetrical  function  of  the  *ngle  bcbvccu  tbs  detonation  ware  snd  the 
* surface  of  tha  casing  should  provide  a naans  of  gradation  between  the  two 
Halts. 

Consider  a caning  in  v&iah  the  normal  to  the  surface  saxes  on  angle  0 
with  tfcs  asis  (Pig*,  2).  Let  ths  animal  to  the  detonation  wave  at  a joint 
on  tha  surface  haws  direction^,  all  angle#  being  measured  from  the  nose. 

It  new  beoeves  very  difficult  to  epply  a treatment  e<  Vt**  to  faylsr's  (Rof.1) 
in  wiew  of  tbs  oomplexity  of  tha  shock  wavs  system,  but  we  shall  atteopt  to 
extend  his  argment  Isas  rigorously*  If  the  velocity  of  detonation  la  U, 
then  the  speed  along  the  surface  at  the  point  of  inter  Motion  of  the 
detonation  front  and  the  snrfaoe  of  the  oeaing  is  U esc  (-f-  + <*  - p )«0‘  • 

If  the  cueing  behind  the  detonation  wave  is  deflected  through  an  angle  6 , 
then,  by  applying  siallar  r^aecniag  to  that  used  for  long  tabee,  the  resultant 
■peed  of  the  casing  is  2tP  sin  3 in  s direction  0 - 8 where 


2 2 

sin  6 »1  ccs(-J  + * ' ?)  (3) 

2 2U 


I has  the  fira^sent  is  deflected  ffca  the  ^normal  to  the  surface  (away  frees  tha 
detonation  front)  by  an  aaount  G where  ■£  -k<  - 0 is  tbs  angle  between  the 

2 2 

normal,  to  the  detonation  wave  aod  the  surface  of  the  casing,  This  angle 
say  be  estimated  on  the  basis  of  Keygen's  principle.  Tith  cost  solid 
fillings,  where  the  velocity  of  detonation  in  the  booster  is  alaost  the  same 
as  that  in  tbs  sain  filling,  the  normal  to  the  detonation  front  say  be  taken 
as  the  straight  lias  to  the  nearest  point  on  the  detonator  «ad  surface;  when 
the  oh  urge  oonaists  of  »n  acnalss  of  explosive,  suitable  adjustment  suet  be 
JUbds  (Pig.3). 


i formula  very  similar  to  (3)  which  takes  account  of  the  shape  of  the 
detonation  wavs  was  suggested  by  Shapiro  (2ef,3).  Shapiro  regarded  the 
phenomena  of  detonation  froz  the  viewpoint  of  a stationary  observer  and  as 
Taylor  points  out  the  process  is  very  ooaplex  since  the  expanding  gases  give 
ktaeiio  energy  to  different  parts  of  the  owe  at  different  tines,  Shapiro 
suggested  that,  when  the  detonation  wave  reaches  a point  P on  the  surface, 
tha  case  begins  to  aors  outward*  with  velocity  V •.  in  tiae  St  the  detonation 

trsmla  along  the  easing  to  a point  q originally  a distance  U sec 

P and  thus  the  deflection  five  the  aortal  to  the  surface  is  given  by 


y 

w 


oca 


fJL 

U 


(4) 


This  argument  is  misleading  as  it  suggests  that  0 is  a measure  pf  the 
curvature _of  the  easing  following  detonation,  whereas  in  fact  Q is  of  the 
order  of  3 , where  $ is  the  angle  through  which  the  tf- agent  to  the  surface 
2 
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mtvea  from  its  original  position  to  the  moment  of  promotion. 

It  is  emphasised,  however,  that  fornuiaa  (3)  and  (4)  give  almost 
identical  results  when  applied. 


03J3CT8  0?  HSS3ARC3 


It  is  apparent  from  the  preceding  section  that  there  are  many 
problems  to  be  investigated  in  order  to  standardise  the  procedure  for 
predicting  the  angular  throw  of  fragments  from  a warhead  of  gives  else, 
shape  and  filling. 

(i)  The  velocity  of  detonation  ia  known  for  various  explosive 
fillings  hut  the  effect  of  shape  of  the  detonation  wave  should  be 
investigated  for  oases  where  the  wave  doss  not  asstase  & steady  shape  with 
respect  to  the  wall,  for  exaapie,  in  anaalag  ohargea  with  symmetrical  or 
asymmetrical  initiation.  Some  aspects  of  this  problem  have  been  studied 
and  a report  is  in  preparation  (Ref. 4). 

(ii)  It  is  necessary  to  study  the  velocity  of  flragaents  originating 
from  different  points  along  the  length  of  casing.  The  simple  formulae 
suggested  by  Crumey  (Ref* 5)  have  been  fitted  to  a wide  range  of  data  and 
provide  good  estimates  of  average  speed,  but  it  ia  ifcicertain  to  what 
extant  the  variation  of  speed  freu  different  portions  of  a shaped  casing 
may  ba  attributed  solely  to  variation  of  s/C  ratio.  The  dagrae  and  type 
of  end  restraint  are  believed  to  ba  important  factors, 

(ill)  Formula*  (3)  and  (4)  describe  the  dispersion  from  a warhead  which 
differs  in  two  respects  from  tho  simple  cylinder  containing  a plane 
detonation  front,  Aeooimt  is  taken  of  the  point  of  initiation  and  of  the 
fact  that  the  casing  may  have  a curved  inner  surface  (in  the  axial  plane). 

It  may  be  necessary  to  study  these  factors  separately.  Moreover, 
independently  of  the  shape  of  the  inner  wall,  variation  of  the  outer  surfaeo 
of  the  casing  say  alter  the  throw  of  fragments,  Snd  restraint  must  also 
affeot  the  dispersion  of  neighbouring  fragments  apart  from  affecting  fragment 
velocity. 

(iv)  The  mechanical  properties  and  dimensions  of  the  casing,  methods  of 
controlling  fragmentation  (e,g.  grooved  oharge,  notched  rings,  pre-formed 
fragments)  may  aft  eat  dispersion  either  by  altering  velocity  or  by 
mechanical  interaction  of  adjacent  fragments.  Additional  factors  encountered 
in  warhead  design,  suoh  as  the  effect  of  fairings  around  the  casing,  must 
also  be  considered. 


SgSHDGKTAL  METHOD 


In  order  to  obtain  this  information,  a loug-ta,n  raaVcuoh  1,-m  uatjn 
started.  Hoot  of  tho  trials  will  be  made  with  small  casings  fragmented 
in  a strawboard  layout  giving  almost  100  per  oent,  recovery.  The  straxboard 
packs  of  height  3 ft.  and  width  18  in.  or  2 ft.  are  arranged  tangentially 
along  two  semi “Circular  arcs  at  distances  5,  3 or  10  ft.  from  the  casing 
(Fig. 4).  The  casing  13  suspended  in  the  centre  of  the  layout  with  its  axis 
vertical,  4C  in.  above  packs  laid  on  the  ground,  Tfc*  strawboard  packs  are 
marked  in  horizontal  zones  each  representing  a 3—  degree  aro  from  the  centre 
of  the  casing.  Multi-velocity  screens  connected  to  an.  argon-lamp 
chronograph  aro  arranged  in  the  various  zones  (sometimes  two  or  more 
vertically  in  one  sons).  The  casing  is  engraved  in  order  to  assist 
•correlation  of  both  speed  and  direction  of  flight  with  the  origin  of  the 
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fragienta  on  the  cose.  After  detonation,  the  position,  mass  and  depth 
of  penetration  of  each  fragnsnt  r>re  recorded  together  with  an  associated 
velocity  and  an  estimate  of  its  original  position  in  the  casing,  These 
raw  data  provide  the  aeana  of  examining  the  speed,  dispersion  aaas 
distribution  of  rragtants  fron  the  sides  of  cased  charges  with  different 
conditions  of  length,  disaster,  shape  end  material  of  casing;  the  effect 
of  netfcod  of  closure  of  the  ends  of  the  case,  the  position  of  the  point 
of  initiation,  typo  of  explosive  and  (for  annular  charges)  the  distribution 
of  explosive  within  the  casing  oan  also  be  studied. 

The  first  experiments  in  this  programs  have  been  analysad  and  the 
information  which  ooncarna  fragmaat  dispersion  extracted,  Two  types  of 
aodel  outings  hire  boon  used  (Jig, 5).  The  first  was  cylindrical,  with  a 
charge  length  of  4 in,,  internal  diaaeter  1,25  in,  and  wall  thiokaess 
0,125  in,;  the  casing  was  filled  with  oast  HT2/TNT  55/45  "lth  insst  C.S. 
booster,  0,55  in,  diaa, , 0,45  in,  long,  initiated  on  ths  axis  at  one  end; 
three  owing*  ware  fired  for  natural  fragmentation  and  three  with  grooved 
charges  designed  to  produce  10  staggered  rows  of  13  fragaant*.  Ths  second 
type  was  a resell  barrel-shaped  casing,  again  having  a charge  length  of  4 In, , 
wall  thickness  0,1:25  in*  and  internal  diaaeter  varying  on  a circular  arc 
froa  1*25  to  2*00  in.;  the  filling  was  BBVTnt  55A5  with  similar  end 
initiation,  Two  barrels  were  fired  for  natural  fragmentation  and  a further 
two  contained  grooved  charges  having  1C  staggered  sections,  each  with  20 
grooves,  3ter  both  types  of  casing  the  grooved  charges  vers  produced  by 
inu^urtlng  fluted  rubber  liners  into  the  casings  prior  to  filling  (Baf.fi). 

All  the  casings  were  extended  at  each  end  to  take  screwed  end  pieces  1 in. 
thick. 


The  two  andel  casings  form  a useful  starting  point  for  testing 
dispersion  theory  and  the  analysis  of  data  has  been  oo-erdinated  with  an 
examination  of  data  from  full  scale  static  trials  of  sons  G.W.  warheads, 
The  data  esployed  are  as  follows 


(a)  Model  casing  - cylinder 

Natural  fr assentation  - Series  1;  3 trials 

Control  (grooved  charge)  - Series  2;  3 trials 

(b)  Model  casing  - barrel 

Natural  fragaeatstion  - Series  3;  2 trials 

Control  (grooved  charge)  - Series  4;  2 trials 

(o)  G,W.  Blue  Sky  (trials  4,  5,  9,  10,  1l)  (B»f,7) 

Control  (notched  ringi)  - 5 trials 

(d)  C.f,  Bed  Shoes  (trials  2,  3,  4-)  (Bef.7) 

Control  (pre-formed  fragaeuts)  - 3 trials 


SXfrt^HTMU^TAn  IbhlUilTS 


The  data  relating  to  spatial  distribution  from  Series  1 to  4 are  shewn 
in  the  Appendix  (Tables  1-14);  such  additional  inforaation  concerning  asst 
distributions,  penetration  into  strawboard,  secondary  break-up,  eto,  will 
be  discussed  In  a later  report. 

The  tones  in  the  strswboard  layout  are  defined  with  respect  to  the 
centre  of  the  casing  but  it  is  important  that  the  angle  of  threw  of  a 
fr&gsait  should  be  measured  from  its  point  of  projection  from  the  wall,  Ac 
error  of  2 in,  for  onaspla  will  result  in  an  appreciable  error  in  angle 
especially  for  fr-agsanta  coileoted  in  ths  3 ft. -radius  packs,  in  the  G,W, 
trials  where  frageents  are  collected  at  distances  and  45  ft-  and  casings 
are  fragmented  with  the  axis  horizontal,  the  error  is  not  so  great.  In 
order  to  sake  this  correction,  and  in  faot  to  enable  a precise  study  of 
diaper eion  phaaoasna,  it  ia  desirable  to  have  some  sears  of  i&entifyirg 
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fragments  with  respect  to  their  point  of  projection.  With  controlled 
fragmentation  this  is  comparatively  simple,  an  tha  staggered  rows  of 
fragments  resulting  froa  the  g-ooved  charge  are  easily  identified;  with 
natural  fragmentation  great  difficulty  has  been  espsrisnosd  in  suitably 
engraving  fragments  without  affecting  the  brash-up  of  the  casing,  sad  it 
has  baan  necessary  to  develop  a procedure  for  estimating  the  point  of 
projeoticn  from  the  dispersion  data  itself,  the  target  sheets  from  the 
3 -ft,  packs  for  a shot  from  each  of  Series  2 to  4 are  shown  in  ?ig.6; 
the  regularity  of  the  rows  of  holes  resulting  from  the  controlled  casings 
is  striking. 

The  dispersion  data  for  a shot  or  series  of  similar  shots  may  be 
represented  by  a weight  histogram  shewing  percentage  veight  of  fragaants 
Oolieatad  agaiiiet  ari«LL»p  v-one  (**  aaastffed  ft POS  the  oeatre  of  the  im<na\  - 
Histograms  for  tha  four  series  are  shown  in  ?ig*7:  from  each  we  may  draw 

a cumulative  curve  showing  percentage  weight  of  fragnanted  casing  collected 
forward  of  angle  6,  where  Q varies  between  0 and  180  degrees  (Pig. 8). 

Prom  the  dissensions  of  the  casing,  it  is  possible  to  calculate  the  variation 
of  weight  per  unit  length  along  its  length,  that  is,  if  we  imagine  tha 
oasing  (the  portion  between  end  plugs)  to  ba  divided  into  ten  section s of 
equal  width  wo  may  estimate  the  percentage  weight  of  each.  ?©r  the  model 
bombs  (Series  1,  2)  these  sections  will  each  represent  10  per  cant,  of  the 
casing;  for  the  model  barrels,  (Series  3,4}  the  percentages  are  shown  in 
Table  15. 


TA3IS  15  “ Variation  of  weight  along  tha  length  of 
a barrel-shaped  casing 


1 f 

j Seotion 

1 

2 

3 4 

5 

6 

7 

8 

9 

10  i 

j Percentage  | 
j weight  j 

6,2 

8.6 

10.6  12.0 

12,6 

12.6 

12*0 

10.6 

8.6 

j 

6.2  ’ 

The  point  of  projection  of  saoh  section  msy  be  assumed  to  lie  at  the 
surface  in  the  middle  of  tbs  section  in  question.  The  dispersion  angle 
(with  respect  to  the  centre  cf  tha  casing)  may  now  be  estimated  from  the 
ourves  in  Pig.  8 by  noting  the  centre  point  of  the  cones  which  oontain 
successive  increments  of  percentage  weight  given  in  Table  15  for  barrel 
casings  or  equal  increments  of  10  per  oent.  for  tubes.  This  dispersion 
angle  must  be  oorrected  to  give  the  true  angle  of  throw  from  its  point  of 
projection  and  this  involves  simple  trigonometrical  calculation.  This 
method  of  estimation  has  been  adopted  for  Series  1 and  3 since  it  was  often 
not  poesible  to  identify  fragments  with  respect  to  point  of  projection,  and 
values  are  given  in  Tables  16,  17. 

TAELS  16  - Series  1;  estimates  of  dispersion  angles,  degress 


i section 

5-ft.  oo 

lleotion 

Average 

«: 

1 

1 

i.1  -2 

Estimated 

Bstimnt-ei,  ] 

estimate 

| 

centre 

angle  of 

centre 

angle  of 

i 

j 

projection 

projection 

| 

! 

1 

84.8 

87.7 

86,0 

87.7 

87.7 

2 

89.4 

91.6 

90,7 

92.0 

91.8 

I 

3 

92.2 

93.8 

92.3 

53.3 

93.6 

! 

4 

i 94,1 

95=1 

93=7 

94,3  ] 

94,7 

5 

95.4 

95.7 

95.0 

95.2 

95.5 

6 

96. C 

95.7 

95.8 

95=6  i 

95.7 

7 

96.7 

95.6 

96.4 

95,8 

95.8 

8 

97,2 

95.6 

96.8 

95.9 

95.8 

9 

97.9 

95.7 

87.5 

86=2 

96. C 

1 

1C 

98.7 



95.5 

98.5 

96=8 

96.5 

~ 6 ■=• 


TAB [C£  17  = Series  3:  estimates  of  dispersion  angles,  degrees 
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: Section 

3-ft.  collection 

..  A-ft. 

collection 

Average 

| 

ingle  from  j 

Estimated 

Angle  from ! Estimated 

estimate 

osntre 

angle  of 

centre 

angle  of 

j 

..  . .! 

projection 

projection 

1 

i 1 

70.0 

72,6 

73.8 

75,4 

74.0 

2 

77.0 

79,1 

7S.8 

80.1 

80,6 

! 3 

81.2 

82,8 

82.2 

! 83.1 

83.0 

4 

86.0 

37.0 

86.3 

36.9 

87.0 

5 

31.3 

31.6 

50  .,8 

91.0 

91.3 

6 

98,5 

96.2 

95.4 

95.2 

95.7 

7 

100.6 

99.7 

99.8 

93.2 

99.5 

8 

106,5  i 

105eC 

104,1 

i 103.2 

104.1 

9 

110.7 

103,7 

108.3 

! 107.1 

107.9 

10 

114,0 

- L 

111.6 

112.4 

! 110.9 

1 

— L-  _ 

111.3 

With  the  controlled  caeinga  of  Series  1 and  4,  tks  dispersion  angles 
may  be  estimated  by  a direct  method  and  these  “observed®  angles  may  be 
compared  with  those  estimated  by  the  method  of  extrapolation  outlined  above; 
t 'ms  for  Series  ? sad  4 we  @*y  obtain  dispersion  angles  in  two  ways  and  th« 
comparisons  sore  shown  in  Tables  18,  19, 


TABI3  18 

- Series  2. 

dispersion 

TAHJ S 19 

- Series  4; 

dispersion 

angles  (degrees) 

angles  (degrees) 

f 

| 

r 

Section 

| Estimated 

Observed 

! Section 

Estimated  i 

Obo erred 

1 

i angle 

angle 

i 

angle  j 

3 

angle 

1 

f 

87.2 

87.6 

i 

72,5  ! 

72.6 

2 

90.4 

91,1 

2 

77.1  I 

79.4 

3 

92.2 

93.2 

3 

81.1  | 

82.5 

4 

93.7 

94=0 

4 

85.8  ! 

87.4 

5 

94.5 

95.1 

i 5 

91.2  i 

93.9 

6 

95.1 

95.3 

6 

56,7  | 

97.5 

7 

95.4 

95.2 

, 7 

102*1 

1Q1.2 

8 

95.5 

95.7 

8 

106,9  ! 

106,1 

9 

95,8 

96.1 

9 

110.0 

110.0 

10 

96.3 

95.1 

10 

114.0 

h — . — L 

113.4 

It  is  eaphnaised  that  identification  of  fragments  with  respect  to  their 
points  of  projection  is  to  be  preferred  whenever  possible. 

In  order  to  test  the  validity  of  a formula  suoh  as  (3),  we  root 
oalculate  the  expected  angles  of  threw  predioted  by  the  formula  and  oonpare 
these  with  observations.  The  expected  dispersion  angle  ip  a function  of 
velocity  of  projection  V,  velooity  of  detonation  U;  and  the  angles  c2  and  0 
which  nay  be  calculated  free  the  dimensions  of  the  casing;  an  accurate 
estimate  of  velocity  V is  the  most  important  requirement  for  the  application 
of  the  formula,  and  we  therefore  need  to  know  the  velocity- of  each  section 
of  tho  ease.  Those  have  been  measured  in  the  course  of  the  experiments  and 
are  shown  graphically  in  Figs.  9 arid  10.  Smooth  curves  have  been  fitted 
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to  the  points,  and  estimated  velocities  shown  in  Tails  20  far  aeries  2,  3 and 
4;  the  reoordiagj  in  Series  1 were  not  sufficiently  nuaerous  to  perwit 
accurate  eatination  of  velocities  from  different  points  of  & casing. 


TA5I£  20  - Velocities  of  ffagsunto,  ft . / sec - 


| Section 

3eriea  2 

Series  3 

Series  4 

1 

1 

3840 

f 

4850  | 

4270 

2 

4050 

5020 

4450 

3 ; 

4220 

5230 

4630  i 

4 i 

4340 

5430 

<*SkO 

5 

441 C 

5720 

■ >050 

6 

4470 

5950  ! 

5270  1 

7 

4521 

Si  ?C 

5450  i 

8 

4550 

£350 

5590 

9 

4530 

£450  i 

5700 

to 

4200 

f 

£450 

5750 

1 

Using  fonaal*  (3)  expected  dispersion  angles  bars  been  calculated  and  are 
oocared  with  the  observed  value*  (Table  21,  ?igs.11,  12,  13) 


TABUS  21  - Dispersion  angles,  comparison  of  expected  with  observed,  degree* 


f 

1 

■ in  iiRLW  i.aa| 

! Section 

Series  2 

Series  3 

Series  4 

| Sip acted  [ 

Obaerred 

Sxp acted 

Observed 

Kxpectedj  Observed 

1 

1 1 

I 91.6 

87.6 

74.2 

74.0 

73.8 

72.6 

2 

93.5  : 

91.1 

79.4 

80.6 

78.9 

79.4 

3 

94.3 

93.2 

84-8 

83.0 

84.2 

82.5 

4 

94.6  : 

94.0 

89.2 

87.0 

83.5 

87=4 

5 

94.8 

95.1 

93.8 

91.3 

93.1 

93.9 

6 

95.0 

95.3 

98.0 

95.7 

97.4 

97.5 

7 

95.0 

95.2 

102.3 

99.5 

Id  .8 

i01.£ 

8 

95.0 

95.7 

106.6 

104.1 

105.9 

106,1 

9 

95.1 

96.1 

m.4 

107.9 

110.7 

110.0 

10 

94.8  : 

i 

95.1 

115.4 

111.3 

114.7 

113,4 

The  data  for  series  1 to  4 are  deriTed  froa  the  fragmentation  of  aodtl 
o as  Inga;  the  results  of  recent  fnl,.— scale  G^V,  fr  absent  at  ion  trials 
hare  been  analysed  by  a siail&r  method  and  expected  dispersion  angles 
(calculated  fToa  equation  (3))  oonpared  with  observed  values,  The  angles 
together  with  smoothed  velocities  ars  given  ir  Tables  22  and  23,  and  are 
ahoTn  graphically  in  ?iga,  14  to  17.  The  earhasds  Sad  Shoes  and  Bins  Shy 
hare  been  described  in  detail  (Bef,7);  the  fonasr  ia  made  of  pre-foraed 
1/4-os.  fra^eirts  and  for  convenience  tne  casing  is  divided  into  20  sections. 
The  Blue  31^  oaring  comprises  33  notched  rings,  aad  is  divided  into  11  sections. 
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- 3 - 

1 TAHLS  22  - Sad  Shoaa  data,  ralooitlas  (ft, /mo,)  and  i&glaj  (dag^««a) 


i 

| Saotien 

7*loaity 

DtaperaJ 

ton  anfila 

Bxpactad 

okaarrad  1 

i 

i 1 

5750 

67  0 2 

64.5 

2 

7050 

68„5 

67.2 

3 

7220 

70.8 

69.5 

i 4 

7320 

724  9 

72.0 

5 

7360 

75.2 

74.6 

i 6 

7430 

77,5 

77.2 

7 

7440 

80.1 

80.0 

! 3 

7440 

82*  5 

63.0 

9 

7440 

65.9 

85.8 

to 

■ 7440 

89.1 

38,8 

11 

7440 

90*9 

91.6 

t2 

7440 

94.1 

94.7 

13 

7440 

97.1 

97.5 

14 

7440 

99.9 

100.2 

15 

7440 

102*5 

103.3 

16 

744 0 

104.8 

105.9 

17 

7400 

107.3 

106*4 

13 

7280 

10$e2 

110.8 

15 

7050 

111.1 

112.8 

20 

6750 

112*8 

115.0 

■ 

TABU  23  - BItta  Sky  4*ti,  reLwltic*  (rt,/»*o. } and.  angl—  (dagrea*) 
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CVfrsrrtd 
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i 

4700 

81.0 
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— 1 

i 

j 

1 2 
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i 

1 

I 3 

5C7C 

82.0 

81.7 

! 4 

1 5170 

83.3 

83*7 

| 5 

5270 

85.9 

85.8 

6 

; 5350 

8M 

88.2 

! 7 

! 541c 

92.4 

90.4 

8 

! 5450 

93.9 

92,7 

9 

5«0 

95.0 

95.1 

10 
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95.5 

97.5 

11 

— 

S 5150 

i 

1 

95.5 

_J 

100.0 

J 

ft 
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conclusions 


(i)  ?cr  natural  fragmentation,  the  average  speed  is  approximately  that 
estimated  from  the  Gum*7  farsuia,  but  there  is  a variation  along  the  length 
of  the  casing  which  is  cot  ancounted  for  purely  by  variation  of  3/C  ratio. 
With  the  cylindrical  caaing  thare  Lb  a reduction  of  speed  toward#  the  enda 
of  the  caaing,  which  suggests  that  the  type  of  end  confinement  is  an 
important  factor.  There  1#  also  a suggestion  that  with  end.  initiation  the 
ajuriapp  spaad  of  projection  is  not  at  th#  saddle  of  the  caaing  but  at  a ahort 
distance  from  the  centre  away  from  the  initiator;  these  conclusions  are 
borne  out  from  the  results  with  the  snail  barrel-shaped  casing.  With 
grooved  obarge  oontrol  the  speeds  are  lower  than  from  natural  fragientation 
and  this  may  be  due  to  the  presence  of  the  rubber  liner  and  grooving  of  tha 
charge  with  consequent  reduction  in  E.3, 

The  Red  Shoes  data  provide  a good  speed  curve  which  is  gyaiotrioal  (a a 
the  casing  is  gyig^trleal  and  initiation  central)  end  &g&in  there  is  a 
falling-off  of  speed  at  the  ends.  It  is  difficult  to  make  comparisons  with 
spe«d  formulae  since  with  annul ar  ohtrgee  these  f premiss  have  not  yet  been 
finely  established.  The  Blue  Sky  record*  are  also  very  comprehensive  but 
again  difficult  to  interpret  owing  to  a large  fuse  oavity  which  runa 
centrally  down  on  half  of  tha  charge, 

(ii)  Cn  tha  basis  of  formula  (J)  or  (4)  the  expected  distributions 
agree  very  well  with  the  observed,  Thare  is  some  departure  at  the  ends  of 
the  caaing  which  say  represent  a true  deviation  from  the  hypothesis;  the 
estimate®  of  fragpwnt  speed  may,  however,  be  unreliable  in  these  regions 
and  again,  the  method  of  extrapolating  the  dispersion  angles  from  the  data 
Is  faulty  near  the  ends  of  tha  casing  (Tables  18,  19).  Bor  natural 
fragmentation  it  might  ba  acre  anaot  to  associate  a dispersion  factor  with 
the  theoreiioal  formula;  it  is  certainly  true  that  fragasnt  senes  overlap 
to  some  extent,  though  with  controlled  oaaings,  especially  of  the  barrelled 
type  the  angular  pattern  is  remarkably  regular. 

There  is  much  information  yet  to  be  obtained  from  these  trials,  as  for 
example,  comparison  of  mass  distributions,  secondary  break-up  etc.  The 
trials  indicate  further  line*  of  research  on  angular  distribution  and 
suggest  that  it  should  be  possible  to  aolvs  the  problsa. 
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-xPRJNDIX 


25»  Appendix  contain*  the  experimental  data  frc* 

Series  1 to  4 ocnnected  wi^h  spatial  distrirniti  on  of 
frsga2tsnta»  ?ablt8  i xad.  2 give  y marie  a and  description* 
of  shots  fired  end  collected  results,  Corresponding  with 
each  aeries  there  are  fever  tables;  the  first  giro*  raw 
data  classified  in  -three  ways  - into  shots,  collecting 
arcs  and  dispersion  senes.  Richer*  and  weights  of  fragments 
are  shown;  in  the  maker  coluon,  the  first  msaber  rcprsseivts 
the  totel  uiiher  of  fragments  collected  and  the  second 
bracketed  malar  represents  the  masher  of  holes  aade  la 
tbs  strtmboerd  packs.  Ihe  second  table  in  each  series 
gives  iwalert  and  weights  of  fragments  corrected  to  }&0 
degree*  fro*  that  part  of  tbs  casing  which  lies  between 
the  and  plugs,  that  is,  fragments  free  the  threaded  portion* 
are  exoltsded.  The  third  and  fourth  taDie*  shew  average* 
over  collecting  arc*  and  shots. 
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STAGES  IN  DETONATION  OF  CASED  CHARGE 

(ARROW  DENOTES  POSITION  OF  DETONATION  WAVE) 


FIG. I 


DIAGRAM  SHOWING  ANGLES 
IN  DISPERSION  FORMULA 
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CASINO 


DfTO^UTOa 


(b)  ANNULAR  CHARGE 


DIAGRAM  SHOWING  DIRECTIONS  NORMAL  TO 
DETONATION  WAVE 
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SECTION  AT  XX 


o*4t  so  art 


SCALE 


STRAWBOARD  LAYOUT  FOR  STUDY 
OF  FRAGMENT  DISPERSION 


MODEL  BOMB 


FIC.4 
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SCALE 


SECTIONS  OF  MODEL  CASINGS 
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SERIES.2  — MODEL  BOMS,  CONTROL 


SERIES. 3 ~ MODEL  BARREL, NATURAL 


SERIES.  4 — MODEL  BARR  EL.  CONTROL 

TARGET  SHEETS  FROM  3 FT  PACKS 

F G.  6 


SERIES  3 


DISPERSION  ANGLE  MEASURED  FROM  CENTRE:  DEGREES 

PERCENTAGE  WEIGHT  OF  CASING 
FRAGMENTED  INTO  ANGULAR  ZONES 


F I G.7 


60  SO  lOO  120  60  80  IOO  120 

SERIES.  4 

DISPERSION  ANGLE  MEASURED  FROM  CENTRE!  S DEGREES 

PERCENTAGE  WEIGHT  OF  CASING 
FORWARD  OF  Sc 


FIG. 6 


DISPERSiON  ANGLE!  DEGREES  VELOCITY:  FT/%EC  VELOCITY:  Fj/S£C 
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CONTROL  iUUtt!) 


SECTIONS  ALONG  LENGTH  OF  CASING 

MODEL- BOMB  CASING 
VARIATION  OF  VELOCITY  ALONG  LENGTH 


KATUfULftlRlQ  3) 


CONTROL  (lCEttJ  t) 


5 6 7 8 9 IO 

SECTIONS  ALONG  LENGTH  OF  CASING 

BARREL-SHAPED  CASING 
VARIATION  OF  VELOCITY  ALONG  LENGTH 

FIG.  10 


tlPlCTlD  AHOUl 
O&MRVtD  A TOLD 


5 6 

SECTIONS  ALONG  LENGTH  OF  CASING 

SERIES  2 COMPARISON  OF  EXPECTED  ANGLES 
WITH  OBSERVED  ANGLES 


FIG  , i i 


CONFIDENTIAL 


SECTIONS  ALONG  LENGTVi  OF  CASING 
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